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COVID-19 Far-advanced TB
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• Globally, 2019
– 10.0 million TB patients
– 1.45 million TB deaths

• Drug-resistant TB
– 0.5 million rifampicin-

resistant TB (RR-TB)
• 78% multidrug-resistant 

TB (MDR-TB)
• 3.3% of new TB cases
• 17.7% of previously  

treated cases 
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N Engl J Med 2005;353:2423-6
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Acid-fast Stain(+)/Culture(+) Acid-fast Stain(-)/Culture(+)
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5,000 to 10,000 bacilli per milliliter 10 to 100 Organisms per milliliter

-1996

• An NAA (nucleic acid 
amplification) test for 
Mycobacterium tuberculosis 
complex
– Approved  for use in 

conjunction with culture for 
Respiratory specimens 
• Positive for acid-fast bacilli 

and from untreated patients

• Decisions about when and 
how to use NAA tests for TB 
diagnosis should be 
individualized
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-2015
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AFS(-), NAA(+), Culture(+): 19 days

NAA 

-1

Three Basic Principles 
• Regimens for treatment of 

disease must contain 
multiple drugs to which the 
organisms are susceptible

• The drugs must be taken 
regularly

• Drug therapy must continue 
for a sufficient period of 
time

Am J Respir Crit Care Med 1994;149:1359-74
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Guidelines for Clinical and Operational Management of 
Drug-Resistant Tuberculosis, IUATLD, 2013
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2HERZ/4HR(E)

• Regimen for rifampicin-susceptible, isoniazid-
resistant tuberculosis 

• Shorter all-oral bedaquiline-containing regimen 
for multidrug- or rifampicin-resistant 
tuberculosis 

• Longer regimens for multidrug- or rifampicin-
resistant tuberculosis 

• The bedaquiline, pretomanid and linezolid 
regimen for multidrug-resistant tuberculosis 
with additional fluoroquinolone resistance 

• Monitoring patient response to MDR-TB 
treatment using culture 

• Starting antiretroviral therapy in patients on 
second-line antituberculosis regimens 

• Surgery for patients on MDR-TB treatment 
• Care and support for patients with MDR/RR-TB
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Essential Laboratory Tests for the Detection 
of Mycobacterium tuberculosis
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Int J Tuberc Lung Dis 2003;7:569-74

Clin Infect Dis 2017;64:e1–e33
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Nature 1998;393:537–44



GenoType MTBDRplus Assay
2008

• Technology: PCR and the Strip 
technology 

• Targets: rifampicin (rpoB gene) 
and isoniazid (katG gene: high 
level isoniazid resistance; inhA
gene: low level resistance)

• Complex to perform and require 
technical expertise 

• Decentralizing: not applicable

Xpert MTB/RIF Assay
2010

• Technology: Nested real-time PCR
• Targets: rpoB gene - probed with 

five molecular beacons for 
mutations within the rifampin-
resistance determining region 
(RRDR)

• Two-hour detection of MTB and 
rifampin resistance mutations
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Rifampin
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WHO Endorsed Xpert MTB/RIF Assay in 2010

2017 33 20 

2015 



19

The proportion of patients with DST results in the national TB registry was 
97.9% (97.9% among new and 100.0% among recurrent cases) in 2016

PLoS ONE 2019;14(4): e0214792
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2HERZ/4HR(E)
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Acid-fast stain (++++)Acid-fast stain (-)

H/E
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Rifampicin-susceptible, isoniazid-resistant  TB:
Rifampicin, ethambutol, pyrazinamide and 
levofloxacin is recommended for a duration of 
6 months 



DM + Hepatitis B

• HBsAg (+), Anti-HCV (-)
• AST: 310 U/L
• ALT: 451 U/L
• Sugar: 396 mg/dL

•
– HERZ ?
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/

24

8 /
AST: 296 U/L, ALT: 282U/L

Pulmonary TB: Isolation
MDR-TB: Isolation again



Adding Moxifloxacin is Associated with a Shorter Time 
to Culture Conversion in Pulmonary Tuberculosis
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Int J Tuberc Lung Dis 2010;14:65–71

26



•
–

•
–
–
–

•

•

27

6 2017

-1
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6 2017
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• RMP
– Rifabutin RMP

• FQ
– FQ

•
–
–
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6 2017
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Diagnosis of Tuberculosis in Adults and Children 
Official American Thoracic Society/Infectious Diseases Society of America/Centers for Disease Control and Prevention Clinical Practice Guidelines

• Should rapid molecular drug susceptibility testing for isoniazid 
and rifampin be performed as part of the initial diagnostic 
evaluation for all patients suspected of having pulmonary TB 
or only in selected subgroups?

• Recommendations
– (1) have been treated for tuberculosis in the past
– (2) were born in or have lived for at least 1 year in a foreign country 

with at least a moderate tuberculosis incidence (≥20 per 100 000) or a 
high primary MDR-TB prevalence (≥2%)

– (3) are contacts of patients with MDR-TB
– (4) are HIV infected

31
Clin Infect Dis 2017;64:e1–e33

Treatment of Drug-Resistant Tuberculosis
An Official ATS/CDC/ERS/IDSA Clinical Practice Guideline

• When rifampin resistance is detected
– Additional DST should be performed immediately for first-line drugs, 

fluoroquinolones, and aminoglycosides          Am J Respir Crit Care Med 2019;200:e93–e142
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Resistance to 
fluoroquinolone
was significantly 
associated with 
treatment failure



-2020 

•

•

•

•
•
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-2021
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1. -1
( 4 )
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• Patients who have interrupted first-line TB treatment or have had 
recurrence of disease tend to have a higher risk of drug resistance than 
new TB patients

• Patients eligible for retreatment should be referred for a rapid molecular 
test or drug susceptibility testing to determine at least rifampicin
resistance, and preferably also isoniazid resistance status

Guidelines for Treatment of Drug-Susceptible Tuberculosis and Patient Care, WHO, 2017 update

1. -2
( 4 )

2011 2014
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X-pert: RMP-R
DST: R-R, HES-S



1. -3
( 4 )
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TB History/Pneumoconiosis
Xpert: RMP-R; GenoTypeMTBDRplus: H-S, R-R
Phenotypic DST: HR-R

3
DST INH-R INH-R/RMP-R

2. RMP MDR-TB -1

38

• 359 contacts with 
active tuberculosis

• 142 (40%) had had 
isolates tested for 
resistance against 
first-line drugs

• 129 (90·9%) had 
MDR tuberculosis



2. RMP MDR-TB -2
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Family Hx of MDR-TB (+)
MDR-TB: 46 days

Family Hx of MDR-TB (+)
Genotypic DST: HR-R

3. RMP

40

No known risk 
X-pert: RMP-resistant (+)

Phenotypic DST: RMP-resistant 

For rifampicin resistance, Xpert
MTB/RIF was highly sensitive (96%) 
and specific (98%) 

2019



Diagnosis of Tuberculosis in Adults and Children 
Official American Thoracic Society/Infectious Diseases Society of America/Centers for Disease Control and Prevention Clinical Practice Guidelines

• The sensitivity and specificity of rapid molecular DST for detecting 
rifampin resistance are both >97%, indicating that false-positive and false-
negative results occur <3% of the time

• The sensitivity and specificity of rapid molecular DST for detecting 
isoniazid resistance are estimated to be 90% and 99%, respectively, 
indicating that false-positive and false-negative results occur roughly 1%
and 10% of the time, respectively

• Confirmation of a positive test result for rifampin resistance has been 
recommended
– To confirm a positive result, genetic loci associated with rifampin resistance (to 

include rpoB), as well as isoniazid resistance (to include inhA and katG), should 
be sequenced to assess for MDR-TB

41
Clin Infect Dis 2017;64:e1–e33

-1

• Rifampicin
– Rifampicin

• Rifampicin
– Rifampicin

• Rifampicin
• (isoniazid rifampicin)
• Pyrazinamide (Amikacin, Kanamycin Capreomycin)

Fluoroquinolone
– Rifampicin

• rifampin
• Rifampicin
• Rifampicin rifampicin
• (

)

42
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-2

• rifampicin

– rifampcin

9 % rpoB
silent 

rifampicin 

– (

)
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• 1st TB history: 2016/7~2017/1 with HRZ(E) 
Phenotypic DST: all susceptible

• 2nd TB history: 2017/9, relapse
• Genotypic DST: RMP-R 
• Phenotypic DST: all susceptible 
• Genetic locus: rpoB L511P7 2021

4. -1
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4. -2
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• 70 y/o, male 
• No previous TB Hx
• No RR/MDR-TB contact 
• Sputum AFS(++++) 
• Xpert: MTB(+), RMP-R (+)
• Phenotypic DST: 

Rifampicin-resistant (35 
days)

5. 80 WHO TB MDR-TB
( )-1
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Globally, 2019
3.3% of new TB cases and 17.7% of previously treated cases had MDR/RR-TB

Global tuberculosis report 2020



5. 80 WHO TB MDR-TB
( )-2
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China
Sputum AFS(+); Xpert: RMP-R

GenoTypeMTBDRplus test: HR-R 
Phenotypic DST: HR-R (44 days later)

Vietnam
Sputum AFS(++++); Xpert: RMP-R
GenoTypeMTBDRplus test: HR-R 

Phenotypic DST: HERS-R (40 days later)

6. 2 -1
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Guidelines for Clinical and Operational Management of Drug-Resistant Tuberculosis, IUATLD, 2013



6. 2 -2

• The culture result of a 
sputum specimen 
obtained at the 
completion of the 
intensive phase of 
treatment (2 months)
– Correlate with the 

likelihood of relapse
• Albeit with low sensitivity

49

Lancet Infect Dis 2010;10:387–94

ATS/CDC/IDSA Clinical Practice Guidelines for 
Drug-Susceptible TB, 2016

• Both sputum-smear microscopy and 
mycobacterial culture during tuberculosis 
treatment have low sensitivity and 
modest specificity for predicting failure
and relapse

6. 2 -3

1
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Acid-fast stain (4+), Xpert: no RMP-R  
DST: all susceptible (33 days) Acid-fast stain (4+)



6. 2 -4

2 3
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Sputum AFS (4+)
Xpert: MTB(+), no RMP-R    

Sputum AFS (4+)
DST: all susceptible (59 days)

•

•
•

2021

• 1

• 2
•
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7. INH -1

• 1. RIF EMB PZA INH 
6

• 2. RIF EMB PZA INH
(FQ)(

moxifloxacin, levofloxacin)
amikacin/kanamycin

• 3. 
– INH RIF EMB

PZA
4

53

• INH /
– DST /
– DST

rifampicin
– INH

•
GeneXpert

rifampicin

7 2021

7. INH -2
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2HERZ (DST:HS-R)
AFS (4+), Xpert : MTB (+) , no RMP-R

HERZ
DST:HS-R (42 days later)



8. 
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Uric acid 7.4 mg/dL
1 Gouty attack: 15.7 mg/dL

DC PZA, Keep HER

GPT: 251, TBIL:7.0, BUN: 99, Cre:3.06, UA:16.1
RMP: Hepatitis; PZA: Hyperuricemia
HE + Rifabutin + Levofloxacin + SM

RMP-resistant

9. 

•

•

–
–
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10. M. bovis -1

•

–
Pyrazinamide (PZA)

– 9
–
–
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10. M. bovis -2
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PZA: resistant
Low-level INH-resistant

PZA+ INH: resistant
DST: ERS + FQs + KM-susceptible



11. -1

• Summary relative risks for 
isoniazid-resistant TB after IPT
– Not statistically significant

• Limited by small numbers and 
incomplete testing of isolates
– Positive cultures tested for 

resistance varied from 37% to 
100%

• Do not exclude an increased risk 
for isoniazid-resistant TB after IPT

• The main reason for the 
development of resistance
– Failure to diagnose active TB ?
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Emerg Infect Dis 2006;12:744-751

11. -2
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• Preventive treatment with rifamycin-containing regimens does not significantly 
increase rifamycin resistance
• The number of resistant cases that were found was very small

• Programmatic management of LTBI requires the creation of sound surveillance 
systems to monitor drug resistance

Int J Tuberc Lung Dis 2016;20:1065–1071



11. -3

61

Infect Drug Resist 2021;14:1505-9
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•
–
–
–

•
–
–

•
–

•
– Isoniazid/Rifampicin
– Fluoroquinolone 

(moxifloxacin/levofloxacin)
– 2nd line injectable drugs
– Pyrazinamide

•
–
–

•
–
–
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•

•
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•
GeneXpert

–
– RMP

•
INH
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TB

67

Sputum AFS (-)
X-pert: MTB(+), no RMP-R

Phenotypic DST: HERS-S (45 days later) 
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Pneumoconiosis, Sputum AFS(++++)
Xpert: MTB(+), RMP-resistant (-)

Phenotypic DST: all susceptible (1 month)
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-1

• Family Hx of MDR-TB (+)
• X-pert: MTB, RMP-resistant
• The designated laboratory

– Genotypic DST
• HR: R; FQ/SLID: susceptible

• CDC laboratory
– PZA: susceptible
– Genetic mutation loci

• rpoB S531L and inhA C-15T 

• Phenotypic DST
– High-level H-S, Low-level H-R, RS-R, 

E-S
– Second-line drugs: all susceptible, 

except ethionamide-R, Rifabutin-R
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-2

-2021
•
• RMP MDR-TB
• RMP

•
• WHO TB MDR-TB

• 2
• INH
•
•
• M. bovis

•
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•
–

• Rifampicin
– isoniazid
– isoniazid rifampicin

– (amikacin, 
kanamycin capreomycin)
Fluoroquinolone
Pyrazinamide

• TB
–
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